Cytokine-induced killer (CIK) cells are demonstrated to possess potent cytolytic effect against ovarian cancer cells in vitro and in vivo. However, the clinical efficacy of maintenance therapy of CIK cells in patients with epithelial ovarian cancer (EOC) after first-line treatment remains unclear. This retrospective study included 646 cases of postoperative EOC patients, 72 of which received chemotherapy and sequential immunotherapy (CIT group), and 574 of which received only chemotherapy (Control group). Patients in the CIT group received at least four cycles of CIK cell (range 8.0 × 10 9 -1.3 × 10 10 cells) transfusion, with the interval of each cycle being 2 weeks. Survival analysis showed a significantly higher overall survival (OS) rate in the CIT group compared with the control group, as well as a favorable progression-free survival (PFS). Univariate and multivariate analyses indicated that adjuvant CIT was an independent prognostic factor for the OS of patients with EOC. Furthermore, subgroup analyses showed that adjuvant CIT significantly improved the OS of patients older than 45 years, with CA125 ≤ 1000, or with moderate or poorly differentiated tumors, and prolonged the PFS of patients with residual disease > 1 cm. Additionally, Kaplan-Meier analyses revealed that a higher fraction of CD3 
Introduction
Ovarian cancer is the most lethal gynecologic malignancy and the fifth leading cause of cancer mortality in women worldwide, 1, 2 whose most common form is epithelial ovarian cancer (EOC). 2 Despite improvements in surveillance and therapeutic approaches, the 5-year survival rate for EOC patients who receive a first-line regimen lingers at 35 -40%, with said regimen consisting of both surgical cytoreduction and chemotherapy with a two-drug combination of paclitaxel and carboplatin. Furthermore, 85% of patients diagnosed as stage III-IV who have an initial complete response to surgery and chemotherapy, will ultimately experience disease progression and resistance to the first-line regimen. [3] [4] [5] Therefore, the search for more effective and novel therapies for patients with EOC to prevent recurrence remains an imperative clinical challenge.
In recent years, malignant tumors have been established to be immunogenic, and accumulating evidence points to a potential linkage between anti-tumor immunity and cancer progression. [6] [7] [8] In 1991, Schmidtwolf et al were the first to attempt using CIK cells for lymphoma treatment in SCID mice, 9 while in 1994, Lu et al first identified the CD3 + CD56 + cell subset as highly efficient cytotoxic effector cells. 10 Later, Introna et al performed the first series of phase I clinical trials using allogeneic (donor's) CIK cells in patients relapsing after allogeneic haematopoietic stem cell transplantation (HSCT). 11 Presently, CIK cells have been proven to be safe and effective in cancer treatment. Our previous studies, alongside others, have demonstrated that adjuvant cellular immunotherapy (CIT) elicits favorable clinical responses in hematological diseases [11] [12] [13] and many solid tumors [14] [15] [16] [17] . To date, several immune cell types have shown promise in cancer treatment, of which cytokine-induced killer (CIK) identified as the main effectors of CIK cells. [18] [19] [20] [21] [22] In comparison with other immune cells, CIK cells possess several distinctly superior aspects: They (1) proliferate rapidly and can be obtained quickly from cancer patients via in vitro culture; (2) exhibit strong antitumor activity and a broad spectrum of targeted tumors, up to and including ones that are nonsusceptible to lymphokine-activated killer cells or NK cells; (3) have minimal toxicity and few graft-versus-host diseases. Although their significant antitumor capacity and potential efficacy against ovarian cancer has been identified in cell and mouse models, the clinical efficacy of CIK cells in ovarian cancer treatment remains unclear. 8, [23] [24] [25] [26] [27] Therefore in this study, we retrospectively assessed the clinical efficacy of adjuvant CIT with CIK cells combined with chemotherapy in EOC patients after surgery to provide supportive information on whether CIT could improve the clinical outcome in patients with EOC. Our data suggest that clinical CIT with CIK cells is able to significantly prolong the survival of EOC patients.
Results

Patient demographics and clinical characteristics
In total, 646 patients with EOC were retrospectively analyzed. The average age was 57.94 years (± 10.80 years), with a range of 34-89 years. Among them, 72 patients that underwent surgery/chemotherapy and received postoperative immunotherapy were enrolled as the CIT group, whereas 574 cases that underwent surgery/chemotherapy only were enrolled as the control group. The demographics and clinical characteristics of the patients in each group are presented herein, and no significant difference was present in the age, gender and clinical features of the two groups (Table 1) .
Quality of cultured immune cells
To prepare the therapeutic cells, immune cells were isolated from the peripheral blood of post-chemotherapy patients and purified. After culturing and expansion, the final number of CIK cells was approximately 8.0 × 10 9 to 1.3 × 10 10 . The viability of immune cells exceeded 95% and the cells were without any bacterial, fungal and mycoplasma contamination. Moreover, the median percentage of CD3 + CD56 + population in the CIK cells was 21.9% (range, 8.5% -34.8%). Representative results from one of the patients enrolled in the CIT group are shown in Figure 1A .
Following quality testing, all qualified immune cells were infused back into the patients. All patients in the CIT group completed at least four cycles of CIK infusion as scheduled by the protocol (Fig. S1 ).
Characteristics of cultured CIK cells
The total number of activated CIK cells at the time of infusion was, on average, 8 + PD-1 + subset ranged from 0.13 to 0.93% with a median of 0.67% (Figure 2A-2E ). These data collectively suggested that CIK cells exhibited a low PD-1 expression.
Furthermore, CIK cells were prepared from three EOC patients and their cytotoxic activity on EOC cells was assessed by an LDH release assay. As shown in Fig. S2 , the CIK cells displayed a strong cell killing activity on two EOC cell lines in a cell number-dependent manner. This data confirms that the CIK cells in our study demonstrate potent cytotoxic activity.
Complications and toxicity of CIK cell treatment
Across all processes of CIK cell immunotherapy in the CIT group, 12.5% (9/72) of patients developed self-limiting light fevers and shivering at grade 1 or 2. No patients exhibited pulmonary or renal symptoms, or any sign of infection, hepatic functional deterioration, or autoimmune disorders.
Overall survival (OS) and progression-free survival (PFS) analysis
All 646 patients enrolled in this study were firstly assessed for OS. Over a median follow-up of 33.0 months (range, 8 -127 months), 47.1% (304/646) of patients died with a median post-surgery OS of 43.67 months (range 0.37-120.9 months). The OS rates at 1-, 3-, and 5-years were 87%, 63% and 47% for CIT patients, and 65%, 44%, and 31% for control group patients, respectively. Patients who received adjuvant CIT exhibited a significantly more favorable OS than control group patients (median OS, 63.6 vs. 39.6 months, p = 0.001, Figure 3A) .
To assess the survival benefit resulting from CIT, the patients' PFS was also analyzed. The median PFS after surgery was 28.2 months (range 0.27 -120.7 months), while the PFS rates at 1-, 3-, and 5-years were 63%, 48% and 36% in CIT patients, and 52%, 35%, and 30% in control group patients, respectively. Similarly, Kaplan-Meier curves showed association between CIT and favorable PFS (median PFS, 41.6 vs. 26.1 months, p = 0.117, Figure 3B ), with the not-significant p-value.
To further evaluate the differences in CIT treatment-induced survival benefit, the association between OS or PFS of patients and the number of CIK cell injections has been analyzed. Interestingly, patients with no less than 10 instances of CIK cell injection displayed significantly better OS and PFS compared with those with less than 10 ( Figure 4A -4B). This data further suggests that CIK treatment improves both OS and PFS of patients with EOC.
Univariate and multivariate analysis
The favorable OS outcome of the adjuvant CIT treatment for patients with EOC was further supported by univariate and multivariate Cox proportional hazards regression analyses. According to the univariate analysis ( Table 2, treatment (p = 0.039) were associated with improved overall survival ( Table 2 , right panel). Together, these results suggest that adjuvant CIT was an independent prognostic factor for OS of patients with EOC, and CIT is efficient in prolonging OS of patients with EOC.
Identifying CIT treatment effect in EOC patient subgroups
To further identify whether a subgroup of EOC patients may potentially benefit to a greater degree from CIT treatment, the patients were firstly divided into different groups based on their age (≥ 45-or < 45-year), CA125 level (> 1000 or ≤ 1000), pathologic grade (1, 2 or 3), FIGO tumor stage (stages I-II or stages III-IV), histopathology (serous or other), and residual disease (< 1 cm or ≥ 1 cm). Analysis of OS of these subgroups revealed that patients in the Age ≥ 45 group tended to show greater improvement in OS in response to CIT treatment than patients younger than 45 (p, 0.001 vs. 0.341, Figure 5A and 5B). Moreover, for patients with CA125 ≤ 1000 or with moderate or poorly differentiated tumors, CIT significantly improved survival in comparison with control ( Figure 5C ; p = 0.011; Figure 5E and 5F, p = 0.001), while this trend was absent in patients with CA125 > 1000 ( Figure 5D ) or with well differentiated tumors ( Figure 5G ). However, neither FIGO tumor stage nor residual disease had any effect on the effectiveness of adjuvant CIT (data not shown).
To the same end, we also conducted an analysis of PFS in the patient subgroups which revealed that patients with residual disease (≥ 1 cm) benefited more from CIT ( Figure 6A and 6B) . Meanwhile, age, FIGO tumor stage, pathologic grade or CA125 did not pose any significant effect on the effectiveness of adjuvant CIT (data not shown).
Collectively, our data demonstrated that adjuvant CIT is an effective therapeutic approach to prolong survival in EOC patients, especially patients older than 45 years, with CA125 ≤ 1000, with moderate or poorly differentiated tumors, or with residual disease≥ 1 cm.
Effect of various CIK cell phenotypes on patient survival
As variation was present in the phenotypes of the CIK cells that were transfused to each patient ( Figure 1B) , we sought to investigate whether these phenotype differences posed any impact on the patients' prognoses. A survival analysis revealed demonstrated the potential induction of anti-tumor responses via the application of immunotherapeutic strategies, no clinical evidence and trials currently exist to approve immunotherapeutic viability for women afflicted with EOC. 8, 23, 25, 28, 29 Therefore, in this study, through a retrospective analysis of 646 EOC patient cases, we sought to validate the survival benefit of maintenance immunotherapy with CIK cells in EOC patients after first-line cytoreduction and chemotherapy.
In this study, we established that EOC patients who received additional sequential CIT demonstrate significantly improved OS and prolonged PFS in comparison with patients in the control group, whom received postoperative chemotherapy alone. Previously, Liu et al showed that adjuvant CIK cell treatment improved the PFS of EOC patients, and marginally improved the OS of patients. 28 The difference in effect of CIT on OS and PFS of patients in our and Liu's studies may be due to limited sample size. Nonetheless, these data collectively suggest that immunotherapy with CIK cells improves the OS and PFS of patients with ovarian cancer after first-line treatment. CIT may be a promising new therapeutic strategy against EOC, and further endeavors involving larger sample sizes are desired.
The incidence rate of EOC increases with age. Our data together with others' studies showed that advanced age in patients with EOC was associated with short survival duration.- 30, 31 Furthermore, in the subgroup analyses, adjuvant CIT was found to be significantly associated with an improved overall survival rate in patients more than 45 years old, but this association was absent in EOC patients who were under the age of 45. This improvement or lack thereof may be explained by the fact that immune alteration is age dependent. 32 Decreased antitumor immunity in elderly patients may be associated with the general decline in the performance of immune cells, since aging may severely affect chemokine production and the physical condition of immune cells. 31, 33 On a further note, thanks to advancement in new treatments, mortality caused by ovarian cancer has declined in the last decade. However, the decline in mortality rate is unevenly distributed across the age spectrum. While mortality in younger women has decreased by 21.7%, said figure was only 2.2% lower for elderly women. 31 Our results revealed that adjuvant CIT achieved favorable clinical outcomes for older patients, suggesting its effectiveness as a treatment for older EOC patients.
Moreover, subgroup analyses of OS based on clinical features showed that patients from the CA125 ≤ 1000 group and the moderate-to-poor differential group attained more benefit from adjuvant CIT. Firstly, past studies have demonstrated that ovarian tumor cells utilized CA125 to attenuate the cytotoxicity of human NK cells and to consequently evade immune detection and attack. 34, 35 As such, ovarian tumors with lower CA125 level may be more susceptible to be attacked by CIK cells, which may be the cause for patients with lower CA125 to benefit to a greater degree from CIT. Secondly, our results showed that the OS rate in the group with moderate-to-poor differential was significantly better than that of the group with well differentiation. The reason for this discrepancy may be due to patients with well differentiation already possessing better prognosis, 36 and hence might derive some benefit from adjuvant CIT, but the benefit would not be statistically significant. Conversely, the moderate-to-poor differential EOC patients exhibited worse OS rates, and adjuvant CIT could significantly improve the prognosis of this subset of patients. Therefore, our data suggest that EOC patients with lower CA125 or with moderate-to-poor differential are more recommended to undertake additional CIT after their completion of postoperative chemotherapy.
Residual post-surgery cancer cells have been considered a main origin of cancer recurrence, and some may even develop resistance to chemotherapy. [37] [38] [39] Recent studies have shown that chemo-resistant cancer cells are sensitive to the cytotoxic effect of CIK cells, 40, 41 and thus, theoretically, CIK cells may be potent in eradicating residual tumor cells following surgery and chemotherapy. In this study, we showed that patients with residual tumor ≥ 1 cm yielded more favorable PFS rates from CIT. This result provides clinical evidence that residual cancer cells after first line treatment may be sensitive to CIK cells, and that residual tumor may be deemed a selection criterion for CIT in EOC.
CIK 19, 42, 43 However, there is ambiguity surrounding which phenotypes directly contribute to the clinical benefit from CIK-cell infusion. In this study, we found an unexpected correlation between survival benefit and certain infused CIK phenotypes, namely better OS and PFS in EOC patients who received CIK cell infusion that comprised of a higher proportion of CD8 + T or NKT-like cells. Although, these analyses are still somewhat preliminary for drawing conclusions in regards to direct functional impact, some indications warrant further investigation. Firstly, CD8
+ cytotoxic T cells have long been proposed as the primary effector function necessary for tumor eradication and control via various antitumor mechanisms. 44 As MHCunrestricted direct cytotoxic effector cells, CD3 +
CD56
+ NKTlike cells display a potent antitumor toxicity with granzyme and perforin-mediated tumor cell lysis after tumor recognition. 22, 45 It is therefore logical to assume that a high proportion of CD8 + T cells or NKT-like cells delivered via CIK cell infusion may beget potent antitumor effects in patients. On the other hand, we found that a higher proportion of CD4 + T cells or NK cells were associated with poor survival in patients, though more adequately powered samples are needed. Indeed, CD4
+ T cells contain subsets of immunosuppressive populations such as regulatory T cells (Tregs), Th2 and Th17 cells, which could suppress the antitumor function of effector immune cells. 46 Emerging reports suggest that NK cells can inhibit T cell-mediated antitumor immune responses in a variety of contexts in addition to promoting T cell responses. 47 Consistent with our results, a previous study suggested that the presence of CD3 −
+ cells in TIL cultures corresponded to a shorter recurrence-free survival (RFS) in high-grade serous cancer (HGSC) patients. 47 However, whether there are specific phenotypes that exhibit negative regulation in CD4 + T cells or NK cells, as well as their precise mechanisms in relation to the regulation of CIK cell activity and antitumor responses, are topics warranting further investigation in our future work.
Moreover, consistently with our previously report, 16 our findings showed that only approximately 6.8% of CIK cells exhibited PD-1 expression, indicating CIK cells would not be induced into exhaustion or anergy by PD-L1/PD-1 pathway.
Some limitations are present in this study due to its retrospective nature. Firstly, the clinical cohorts were retrospectively collected. Therefore, treatment selection bias is an inevitable consequence as patients were chosen to receive CIT for specific clinical reasons. As such, the uniformity of patients between CIT and control groups may not be thoroughly guaranteed. Secondly, the frequency of follow-up in the chemotherapy standalone group was lower than in the adjuvant CIT group. Despite these various impediments, our study demonstrates that a combination of CIT and postoperative chemotherapy is a safe and potential treatment modality for patients with EOC. With these data, we will further conduct randomized controlled trials of CIT on EOC patients and monitor the immune cell status of said patients following CIK therapy.
In conclusion, in this single-center retrospective study, we provided evidence that sequential CIT after surgery and chemotherapy results in survival improvement for EOC patients. Furthermore, patients whom were over 45 years of age, with CA125 of not more than 1000, with moderate or poorly differentiated tumors, or with residual disease ≥ 1 cm, may benefit to a greater degree from CIT. Prospective randomized studies are warranted to confirm the present findings and to further define optimal combinational treatment strategies for immunotherapy for EOC.
Patients and methods
Patient demographics and clinical characteristics
The Sun Yat-sen University Cancer Center Institutional Review Board approved this study of CIK cell-based immunotherapy, and written consent from each patient was obtained. From January 2001 to December 2015, 646 EOC patients who underwent surgery formed the cohort of this study. Among them, 574 cases received only postoperative chemotherapy (control group), while 72 cases received chemotherapy and sequential adjuvant CIK cell immunotherapy (CIT group) at the Sun Yat-sen University Cancer Center. There were no special selection criteria regarding whether patients would receive adjuvant CIK treatment. A multidisciplinary team of doctors from different departments, including surgeons, immunologists, and oncologists, made the treatment decisions. The clinicopathological features of the ovarian cancer cohort are outlined in Table 1 .
Treatment schedule
All patients underwent completion surgery/surgical staging or comprehensive staging and cytoreduction. Following surgery, all patients in the control and CIT groups received three-six cycles of chemotherapy with a TP regimen (paclitaxel and cisplatin), TC regimen (paclitaxel and carboplatin), CAP (cyclophosphamide, epirubicin and cisplatin), or CBP regimen (cyclophosphamide, carboplatin, and Bleomycin). Beginning one month after completion of chemotherapy, CIT-group patients were subject to immune cell infusions every 2 weeks. The cell preparation and infusion processes are described as follows.
CIK cell preparation
CIK cells were prepared using a standard method. Briefly, 50 mL of heparinized peripheral blood was obtained from the EOC patient over 2 weeks after the patient had completed chemotherapy treatment and when routine blood examination results had normalized. Peripheral blood mononuclear cells were separated by Ficoll-Hypaque density centrifugation, resuspended at 2 × 10 6 cells/mL in fresh serum-free X-VIVO 15 medium (Lonza, Visp, Switzerland) containing 1,000 U/mL recombinant human IFN-γ (rhIFN-γ; ShangClone, Shanghai, China) and incubated at 37 ℃ in a humidified atmosphere containing 5% CO 2 for 24 hours. Subsequently, 100 ng/mL mouse-anti-human CD3 monoclonal antibody (R&D Systems, MN, USA), 100 U/mL recombinant human IL-1 (rhIL-1, Life Technologies, CA, USA), and 1,000 U/mL recombinant human IL-2 (Life Technologies) were added to the media. Finally, 100 ng/mL mouse anti-human CD3 monoclonal antibody (R&D Systems), Fresh IL-2 and fresh medium were added every 2 days and the cell density was maintained at The CIK cells were checked twice for possible contamination of bacteria, fungi and endotoxins to ensure that their safety for patients. Briefly, cell cultures were evaluated for possible contamination of bacteria or fungi by using BacT/ ALERT® 3D instrument (Biomerieux, America). Endotoxins were quantified with Limulus Amebocyte Lysate PYROGENT TM -5000 Bulk Kit (Lonza, Basel, Switzerland) and ELx808™ Absorbance Microplate Reader (BioTek, Winooski, VT, USA). The result of the endotoxin test was less than 5 EU in the culture cells.
CIK cell phenotype analysis
Following culturing at day 14, the phenotype of the autologous CIK cells from each patient was characterized by flow cytometry (FC500, Beckman Coulter, CA, USA) using fourcolor fluorescence. The following mouse-anti-human monoclonal antibodies were used: anti-CD45, anti-CD3, anti-CD4, anti-CD8, and anti-CD56 (all from BD Bioscience, CA, USA).
PD-1 expression analysis of CIK cell
PD-1 expression of the autologous CIK cells from five ECO patients was characterized by flow cytometry using anti-CD3-PE-Cy5, anti-CD4-FITC, anti-CD8-PECF594, anti-CD56-PECy7, and anti-PD-1-PE (BD Bioscicence CA, USA). The ratio of each subgroup was calculated based on the cell density of each gate.
Detection of cytotoxicity of CIK cells
The cytotoxicity of CIK cells was estimated by quantification of LDH activity in the culture medium by using the QuantiChrom TM LDH Cytotoxicity Assay Kit (BioAssay Systems, Hayward, CA, USA). Briefly, cytotoxicity assays were carried out in round-bottomed 96-well plates with a final sample volume of 100 μl/well. Target cells (A780 or SKOV3, 2 × 10 5 /ml cells) in 50 μl/well were co-cultured with effector cells (CIK cells) at various effector-totarget ratios (1:1, 3:1, 10:1 and 30:1) for 4h. In addition to the test samples, tumor cells without co-culture with CIK cells (Control) and cells treated with Triton X-100 (Total Lysis) were included. The released lactate dehydrogenase (LDH) was determined by measuring the absorbance of the samples at 490 nm using a spectrophotometer (Tecan Sunrise, Switzerland).
Cytotoxicity was calculated as the percentage of the maximum LDH release in the Total Lysis wells in the Sample wells, with the formula as follows: Cytotoxicity = (OD Sample -OD Control )/(OD Total OD Total Lysis are absorbance values of the test sample, the no treatment Control, and the Triton X-100-treated cells, respectively.
CIK cell treatment
The CIK cell treatment for EOC patients were conducted as described previously. 9, 10, 12 Patients received CIK (range 8.0 × 10 9 -1.3 × 10 10 cells) via intravenous infusion during each cycle. Patients received at least four cycles of CIK cell transfusion, and the interval of every cycle was 2 weeks. The patients were eligible for maintenance treatment if they were disease-stable.
Follow-up
All postoperative patients were followed up regularly. Postoperative follow-up included clinical and laboratory examinations or phone-call inquiry, and was conducted every 3 months for the first 2 years after surgery at either the outpatient department or follow-up center of the Sun Yat-sen University Cancer Center, every 6 months from years 3-5, and annually thereafter until at least 5 years after the operation or until patient death, whichever should occur prior. The follow-up deadline for this study was May 30, 2017. During each follow-up visit, the patient's serum CA125, abdominal ultrasonography, and chest radiography data were obtained. Where tumor recurrence or metastases were suspected, further examinations involving computed tomography or positron emission computed tomography were performed. A second ovarian cancer cytoreductive surgery was performed if the recurrent tumor was resectable. For unresectable recurrent EOCs, chemotherapy was administered for as long as the tumor condition, liver function, and the general condition of the patient allowed. Otherwise, supportive treatment was provided. Supportive care was provided for all patients with distant metastasis.
Statistical analysis
For comparison of groups, the t-test, χ 2 -test, and the Fisher exact test were used where appropriate. Postoperative survival rates were evaluated by the Kaplan-Meier method and compared by the stratified log-rank test. For univariate analysis of risk factors for OS, survived patients were compared with deceased patients. The Cox stepwise regression model was used for multivariate analysis. A difference of 0.05 was considered significant. SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used for statistical calculations.
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